Torques acting on galaxies lead to physical alignments, but the resulting ellipticity correlations are difficult to predict. As they constitute a major contaminant for cosmic shear studies, it is important to constrain the intrinsic alignment signal observationally. We measure the alignments of satellite galaxies within 91 massive galaxy clusters in the redshift range 0.05 < z < 0.55 and quantify their impact on the cosmic shear signal. We combine a sample of 38,146 galaxies with spectroscopic redshifts with high-quality data from the Canada-France-Hawaii Telescope. We use phase-space information to select 15,524 cluster members, 13,966 of which have shape measurements, and measure three different types of alignment: the radial alignment of satellite galaxies towards the brightest cluster galaxies (BCGs), the common orientations of satellite galaxies and BCGs, and the radial alignments of satellites with each other. Residual systematic effects are much smaller than the statistical uncertainties. We detect no galaxy alignment of any kind out to at least 3r 200 . The signal is consistent with zero for both blue and red galaxies, bright and faint, and also for subsamples of clusters based on redshift, dynamical mass, and dynamical state. These conclusions are unchanged if we increase the sample with bright clusters members from the red sequence. We augment our constraints with those from the literature to estimate the importance of the intrinsic alignments of satellites compared to that of central galaxies, for which the alignments are described by the linear alignment model. We find that the additional contribution from satellites can be ignored for current cosmic shear surveys such as KiDS, and that the linear alignment model is accurate enough to model intrinsic alignments for these surveys.
Introduction
Tidal torques tend to align triaxial satellite galaxies towards the center of the larger "host" gravitational potential as they orbit around its center. This mechanism is well established in numerical simulations, where galaxies are typically locked pointing towards the centers of clusters, possibly with brief periodic misalignments depending on the specific orbit, well within a Hubble time (e.g., Ciotti & Dutta 1994; Altay et al. 2006; Faltenbacher et al. 2008; Pereira et al. 2008; Pereira & Bryan 2010) . In a hierarchical clustering scenario, this effect could be coupled with alignments arising from the non-linear evolution of structure. Therefore the patterns and evolution of galaxy alignments-if any-contain important information about the initial conditions that gave rise to the present-day cosmic web, as well as the formation history and environments of galaxies.
Additionally, these galaxy alignments (commonly referred to as "intrinsic," as opposed to apparent, alignments) are a potential contaminant of cosmic shear, which is a measurment of the coherent distortions of galaxies in the background of a matter distribution. While the signal from these intrinsic alignments is small enough that it is not relevant for weak lensing measurements of galaxy clusters (and in general cluster members can be identified and removed to a sufficient level), it is a concern for large-area cosmic shear surveys, which are more susceptible to this contamination, and where the requirements on precision and accuracy are more stringent. The contamination induced by these galaxy alignments into cosmic shear measurements can be divided into two effects. The first effect is the tidal alignment of galaxies with similar formation histories, so-called intrinsicintrinsic or II signal. Since this effect is restricted to pairs with common formation or evolutionary histories, this II signal can be avoided by selecting pairs of galaxies with large angular and/or redshift separations (e.g., King & Schneider 2002; Heymans & Heavens 2003; Heymans et al. 2004) . The second effect is more subtle and more difficult to control: the same gravitational field that aligns galaxies within a halo is responsible for the deflection of the light coming from background galaxies (Hirata & Seljak 2004 ). This effect is referred to as gravitational-intrinsic or GI signal (for consistency, the lensing signal itself is referred to as gravitational-gravitational, or GG, signal). It is possible to account for this effect through its distinct redshift dependence (King 2005; Joachimi & Schneider 2008; Zhang 2010) or, inversely, to measure it from cosmic shear data by boosting its signal (Joachimi & Schneider 2010) . Intrinsic alignments can also be modeled directly in cosmic shear data and marginalized over to extract cosmological parameters (Joachimi & Bridle 2010; Heymans et al. 2013) .
Recent large photometric and spectroscopic surveys such as the 2-degree Field redshift survey (2dF, Colless et al. 2001 ) and the Sloan Digital Sky Survey (SDSS, York et al. 2000) have allowed the study of galaxy alignments out to several tens of Mpc exploiting cross-correlation techniques, with robust direct detections of the GI signal up to z ∼ 0.7 between galaxy samples Article number, page 1 of 17
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A&A proofs: manuscript no. cccp_alignments with large line-of-sight separations (Mandelbaum et al. 2006; Hirata et al. 2007; Joachimi et al. 2011) , although Mandelbaum et al. (2011) reported a null detection. However, the II signal is much weaker than the GI signal and has typically eluded detection (e.g., Mandelbaum et al. 2006 Mandelbaum et al. , 2011 Blazek et al. 2012 ).
On smaller scales the history of these measurements goes back further, but the issue is far from settled. Early measurements of galaxy alignments focused on galaxy clusters, trying to understand galaxy formation and (co-)evolution. Rood & Sastry (1972) were the first to claim a detection of a preferential direction of galaxies in clusters. Specifically, they found that satellite galaxies in Abell 2199 tend to point in the direction of the major axis of the BCG. However, most subsequent measurements have been consistent with random orientations of satellite galaxies in clusters (e.g., Hawley & Peebles 1975; Thompson 1976; Dekel 1985; van Kampen & Rhee 1990; Trevese et al. 1992; Panko et al. 2009; Hung & Ebeling 2012) , although some authors have also claimed significant non-random orientations of these cluster satellites (e.g., Djorgovski 1983; Godłowski et al. 1998; Baier et al. 2003; Plionis et al. 2003; Godłowski et al. 2010 ).
More recent studies have focused on smaller mass galaxy groups, where the number of objects is much larger. Similar to the results summarized above, most of these measurements are consistent with no alignments (e.g., Bernstein & Norberg 2002; Hao et al. 2011; Schneider et al. 2013) , although there are claims of significant detections (e.g., Pereira & Kuin 2005; Faltenbacher et al. 2007a ). Interestingly, although this effect might be expected to be stronger for more massive halos, Agustsson & Brainerd (2006) found that satellite galaxies are radially aligned in galaxy-scale halos. However, Hao et al. (2011) and Schneider et al. (2013) have shown that the results can depend on the method used to estimate the direction of the satellite galaxies, so each result must be taken with care.
In general, there is clear tension between observations and numerical simulations, with simulations predicting much higher signals than have been observed. This discrepancy can be attributed, for instance, to a misalignment between stars and dark matter, such that stars-being more centrally concentrated than dark matter-react more slowly and less strongly to tidal torquing from the parent halo (Pereira & Bryan 2010) . Whatever the physical reasons of this discrepancy, the potential impact of the choice of intrinsic alignment model on cosmological parameter estimation (Kirk et al. 2012 ) makes it imperative that we know the level of intrinsic alignments to high precision at all relevant mass and spatial scales, and this can only be achieved through detailed observations.
In this work, we study the alignments of galaxies in clusters from a sample of galaxy clusters with high-quality photometric observations and a large number of spectroscopic redshifts from archival sources. We measure different kinds of alignments, assess systematic errors, use the halo model to characterize galaxy alignments in the context of cosmic shear measurements.
We adopt a flat ΛCDM cosmology with Ω Λ = 0.7, Ω M = 0.3 and H 0 = 70 km s −1 Mpc −1 . To calculate the power spectra, we use σ 8 = 0.8, Ω b h 2 = 0.0245, and n s = 1.0. All magnitudes are MAG_AUTO from SExtractor in the AB system, and all absolute magnitudes and luminosities are in the rest frame of the corresponding cluster. 
Data

Cluster Sample and Photometry
The cluster sample is drawn from two large, non-overlapping Xray selected cluster surveys carried out with the Canada-FranceHawaii Telescope (CFHT), namely the Multi-Epoch Nearby Cluster Survey (MENeaCS; Sand et al. 2012 ) and the Canadian Cluster Comparison Project (CCCP; Hoekstra et al. 2012) . MENeaCS performed multi-epoch observations of 57 clusters in the redshift range 0.05 < z < 0.15, aimed at measuring the supernova Ia rate in these clusters. For this, clusters were observed using the g and r bands with MegaCam. CCCP was designed to study the scaling relations between different tracers of mass in galaxy clusters, and includes 50 clusters in the redshift range 0.15 < z < 0.55. Of these, 20 clusters had archival B-and Rband data taken with the CFH12k camera, and 30 clusters were observed with the g and r bands with MegaCam (Hoekstra 2007; Hoekstra et al. 2012) .
The data are reduced using the Elixir pipeline (Magnier & Cuillandre 2004) , and processed further following the method outlined in van der Burg et al. (2013) , which is summarized below. In order to simplify point spread function (PSF) modelling for shape measurements, the PSF is homogenized across the entire field-of-view by finding a locally-varying convolution kernel that makes the PSF circular and Gaussian everywhere (Kuijken 2008) . This PSF homogenization is done for each exposure, after which the individual exposures are co-added. By applying a Gaussian weight function to measure aperture fluxes we optimize color measurements in terms of S/N (see Kuijken 2008 and van der Burg et al. 2013, Appendix A) . This gaussianization process introduces correlations in pixel noise, which we do not account for. As we show in Sec. 4.3, this is not a problem for the present analysis.
Object detection is performed with SExtractor (Bertin & Arnouts 1996) in dual-image mode, using the r (or R) band as detection image. All sources are detected in the r-band image obtained by stacking the non-homogenized images. Photometric zero points are calibrated using the stellar locus regression (SLR) software developed by Kelly et al. (2014) 1 . SLR uses the known colors of stars to obtain solutions for the photometric zero points of any photometric catalog, correcting for instrumental response and atmospheric and Galactic extinction (see also High et al. 2009 ). We use the Two-Micron All Sky Survey (2MASS, Strutskie et al. 2006 ) J-band star catalog in addition to our MegaCam g and r, or CFH12k B and R, observations as inputs to the SLR. We retrieve extinction values in the J band from the NASA/IPAC Extragalactic Database (NED) 2 , which use the reddening measurements of Schlafly & Finkbeiner (2011) . With these two colors, plus the absolute photometric calibrations of 2MASS (including the extinction correction), we obtain absolute zero points for the CFHT catalogs. For clusters within the SDSS footprint we also use the SDSS griz photometry to check for consistency, from which we conclude that SLR-corrected zero points are calibrated to an absolute uncertainty of ∼ 0.01 mag. Galaxies are separated from stars by visual inspection of the magnitude-size 3 plane for each cluster individually. Stars occupy a well-defined region in this plane, having essentially a single size up to the saturation flux. Given that the stacks generally have a sub-arcsecond sized PSF, galaxies used here are large compared to the PSF and are therefore easily distinguishable from stars.
We compute r-band absolute magnitudes, M r , using EzGal 4 (Mancone & González 2012) , using a passive evolution Charlot & Bruzual 2007 (Bruzual & Charlot 2003 single burst model with solar metallicity and formation redshift z f = 5. All absolute magnitudes are given in the rest-frame of the corresponding cluster.
Spectroscopic Data
We searched for spectroscopic redshifts around all clusters in the MENeaCS+CCCP sample in six archival sources: NED, the WIYN Long-Term Variability survey (WLTV; Crawford et al. 2011) , the Canadian Network for Observational Cosmology Survey (CNOC; Yee et al. 1996 Yee et al. , 1998 Ellingson et al. 1997; Abraham et al. 1998) , the SDSS Data Release 10 5 (DR10; Ahn et al. 2013) which is part of SDSS-III (SDSS-III Collaboration 2012) and the Hectospec Cluster Survey (HeCS; Rines et al. 2013) . We also include redshifts from the MENeaCS spectroscopic survey (hereafter MENeaCS-spec). When one galaxy is in more than one of these catalogs, each catalog replaces the preceding as listed above and in Table 1 . Thus all redshifts from MENeaCSspec are included. In NED and in SDSS DR10, we search for galaxies with spectroscopic redshifts within a radius of 1 deg. Geller et al. (2014) and Ebeling et al. (2014) , respectively, which total 1,949 redshifts within our CFHT images. From the catalog of Ebeling et al. (2014) we use only redshifts with quality flag 1 or 2. We also highlight the redshift catalog of Abell 2142 by Owers et al. (2011) , containing ∼ 1, 800 galaxies, which is included as part of the NED catalog. Table 1 lists the number of (unique) spectroscopic redshifts included from each catalog and from how many cluster fields they are taken. The largest redshift catalog(s) for each cluster are listed in Table 2 , including the largest catalogs within NED; for most clusters the NED redshifts come mainly from one or two large catalog (with 90% of redshifts). The final spectroscopic sample is summarized in the last line of Table 1 : it contains 38,146 redshifts in the direction of 91 clusters, selected to have at least 30 members, at least 10 of which must be within r 200 (see Sec. 3.1). The left panel of Figure 1 shows the redshift distribution of these 91 clusters, compared to the entire MENeaCS+CCCP sample. The analysis in this paper refers only to these 91 clusters, which are listed in Table 2 .
Galaxy Samples
Spectroscopic Members and Dynamical Masses
Spectroscopic membership is determined using the shifting gapper method (Fadda et al. 1996) as implemented in Sifón et al. (2013) . For each radial bin, members are selected as those galaxies that are within 1000 km s −1 from the main body of galaxies, which is bound by gaps of 500 km s −1 . In some cases, we introduced a radial cut determined from visual inspection. The left panel of Figure 2 shows that the distribution of confirmed cluster members is similar at low and high redshift for luminous (M r −21) galaxies but low-luminosity galaxies used here 
come mainly from low redshift clusters. We iteratively measure the velocity dispersion, σ 200 , as the biweight estimator of scale (Beers et al. 1990 ) using all galaxies within r 200 , correcting for measurement errors (Danese et al. 1980) . Since the measurement uncertainties are not available for all galaxies (most notably, they are not given in NED), we use a fiducial value of 150 km s −1 for the uncertainty of all redshifts, which is a conservative estimate for recent measurements, but can be representative of older or low resolution measurements listed in NED. The change in mass introduced by this correction is, in any case, at the percent level for a cluster with σ ∼ 1000 km s −1 . The cluster redshift is determined iteratively in this process as the biweight estimator of location, considering again galaxies within r 200 . We estimate the mass within obtained from 1,000 jackknife samples drawn from all galaxies within 4, 000 km s −1 ; therefore quoted uncertainties include a conservative estimate of the effect of membership selection. Uncertainties in the dynamical mass are obtained by propagating the uncertainties on the velocity dispersion. The dynamical properties described above are listed in Table 2 , together with the number of members, N m , and the number of members within In cases where the spectroscopic members do not reach out to r 200 , we cannot infer σ 200 directly from the data. We therefore apply a correction to the measured velocity dispersion assuming the isotropic velocity dispersion profile of Mamon et al. (2010) and the mass-concentration relation of Duffy et al. (2008) to get the theoretical expectation for σ 200 given σ(< r max ). This correction is linear with r max for r max 0.2r 200 , with correction factors 0.93 and 0.81 for the velocity dispersion and mass, respectively, for r max = 0.6r 200 (i.e., the mass within 0.6r 200 is 0.81M 200 ), only weakly dependent on mass and redshift. In our sample there are 14 clusters with r max < r 200 , with a median of r max /r 200 = 0.69 and 10th and 90th percentiles of 0.51 and 0.79, respectively. For these clusters, we list the corrected values in Table 2 .
There are a total of 15,524 cluster members among 91 clusters, 10,187 of which are within r 200 . The radial distribution of cluster members is shown in the right panel of Figure 2 . The spectroscopic members on average follow a Navarro-FrenkWhite (NFW, Navarro et al. 1995) There are 40 clusters in common between this work and the study by Hoekstra et al. (2012) . Figure 3 compares the velocity dispersions to those estimated by fitting a Single Isothermal Sphere (SIS) to the weak lensing signal by Hoekstra et al. (2012) , σ SIS . The SIS-derived velocity dispersions agree well with the measurements, with no apparent differences between clusters with different dynamical states (see Sec. 3.1.1). The mean ratio of velocity dispersions is σ SIS /σ 200 = 0.97 ± 0.03, consistent with unity. The top axis of Figure 3 shows the conversion between mass and velocity dispersion, where 
Dynamical State
We can take further advantage of our large spectroscopic catalogs by studying the dynamical states of clusters. To this end we use the DS test (Dressler & Schechtman 1988) , which uses both the positions and velocities of galaxies. The DS test gives a measure of substructure by identifying galaxies that do not follow the cluster velocity distribution through the metric
wherev local and σ local are the local velocity and velocity dispersion, measured for the N local nearest neighbors around a test member, andv and σ are the global values. The ∆-statistic is the sum of δ's over all cluster members. This statistic is then measured 5000 times after shuffling the velocities of cluster members, keeping positions fixed, with the same N local . The substructure significance (hereafter S ∆ ) is the fraction of random samples which have ∆ higher than that of the cluster. Errorbars are 68% ranges obtained from 5 runs for each cluster, varying the number of neighbors within √ N m − 2 ≤ N local ≤ √ N m + 2 and the central value is their median. We run the DS test using only members within r 200 because r 200 is very close to the virial radius, beyond which the cluster should not be relaxed, by definition.
The DS test is not designed to assess the dynamical state of clusters but specifically to find substructure, which furthermore has to have a different spatial and velocity location from the cluster itself. It is therefore incomplete; there are indeed examples of known merging clusters from which the DS test cannot find indications of substructure, most notably mergers along the plane of the sky (e.g., Menanteau et al. 2012; Barrena et al. 2013) . This is the case here with Abell 520 (e.g., Jee et al. 2014) , for example. By means of N-body simulations, Pinkney et al. (1996) showed that S ∆ < 0.05 is a reasonable condition to define a pure, but not necessarily complete, sample of dynamically disturbed clusters. We follow the results of Pinkney et al. (1996) in a conservative way, selecting as disturbed all cluster that are consistent with S ∆ ≤ 0.05 within errorbars (43 clusters). All others are classified as relaxed (48 clusters). Table 2 lists S ∆ together with the classification for each cluster. We find that more massive clusters tend to be classified as disturbed, while less massive clusters are generally relaxed. This can be seen in Figure 3. 
Red Sequence Members
While spectroscopy provides a clean sample of member galaxies from precise velocities, it suffers from incompleteness mainly due to two practical reasons: 1) obtaining a redshift for a galaxy is expensive; typically it takes ∼ 30 minutes of observations for bright galaxies in low-redshift (z 0.50) clusters, depending on the telescope and observing conditions; and 2) only a limited number of galaxies can be targeted in a single observation because of slit overlap or fiber collisions.
Being a distinct feature of clusters, the red sequence provides an ideal complement to spectroscopic members. As we show below, for luminous galaxies near the centers of clusters this also provides a clean membership selection, though not as clean as spectroscopy. Using the red sequence in addition to the spectroscopic selection ensures that only a small fraction of galaxies need to be included through this more uncertain method, making the purity of the sample very close to 100%.
To find the red sequence in each cluster, we first separate blue and red galaxies by fitting two one-dimensional gaussians to the color distribution of galaxies using an Error-Corrected Gaussian Mixture Model (ECGMM, Hao et al. 2009 ). We then fit a straight line in color-magnitude space to the red galaxies using a maximum likelihood approach that accounts for intrinsic scatter and the measurement uncertainty in color, iteratively rejecting 2σ outliers. Details will be presented in a forthcoming paper (Sifón et al., in prep) .
We assess the purity of the red sequence as a cluster member selection procedure by assessing red sequence members that have a redshift. There are in total 57,885 red sequence galaxies up to M r = −17 and within 2 Mpc, 7,224 of which have a redshift measurement (∼ 12%). Figure 4 shows that the red sequence is a high-fidelity member selection method even to large radii. Only the sample of both low-luminosity (M r −19) and distant (r 1 Mpc) red sequence members has a lower purity, although the latter is still 70% for most of this distance-luminosity space. We include in the extended sample all red sequence galaxies more luminous than M r = −19 within 1 Mpc of the cluster center. Within these parameter boundaries, 94% of red sequence galaxies with a spectroscopic redshift are confirmed cluster members. This level of contamination has no effects on our results.
The rightmost panel of Figure 4 shows that this high purity remains out to high redshift, although with a decrase to ∼ 80% because above z ∼ 0.4 the 4000Å break is no longer bracketed by the g and r bands (similarly for the B and R bands). The completeness of the spectroscopic samples does drop noticeably with redshift because of the higher difficulty posed by spectroscopic observations of high redshift clusters.
From a lensing perspective, one other important ingredient in assessing the red sequence is the redshift distribution of the contaminating fraction, which we can quantify using red sequence galaxies that are confirmed to be outside the cluster. If they are sufficiently far behind the cluster, they could in fact be lensed, inducing a signal that we wish to avoid. If instead they are either very close behind or in front of the cluster, then they will not be lensed and will only dilute the signal. Figure 5 shows the redshift distribution of red sequence galaxies that are confirmed to be non-members through the distance ratio, D ls /D s , where D ls is the angular diameter distance between the lens (i.e., cluster) and the source galaxy, and D s is the angular diameter distance to the source. Note that D ls < 0 for z s < z l . Galaxies behind the clusters are lensed, resulting in (apparent) tangential alignments. The amplitude of this effect can be quantified by the "lensing efficiency," β, defined as
which is typically calculated using photometric redshifts or an average redshift distribution. Note that Eq. 2 naturally accounts for galaxies in front of the cluster, which do not contain a lensing signal (but do introduce noise), which is especially important when using a generic redshift distribution, or full photometric redshift probability distributions (in which case background galaxies have a non-zero probability of being in front of the cluster). Of the 335 confirmed non-members in the red sequence, 256 (76.4%) are behind the cluster, and the lensing efficiency of red sequence non-members is β = 0.196. It is therefore possible that the contaminating red sequence galaxies contain some lensing signal from background galaxies, but within the red sequence selection limits imposed here, this sample is only 6% of the red sequence galaxies. Therefore there is a fraction ∼ 0.76 × 0.06 4.5% of contaminating galaxies (with ∼ 0.24 × 0.06 1.5%-those in the foreground-adding noise). The lensing signal in these galaxies is γ T,rs 0.045 · β · γ T = 0.045 · 0.196 · 0.10 ≈ 9 × 10 −4 , several times smaller than the statistical uncertainties (where γ T ≈ 0.1 is a typical shear amplitude in the inner regions of galaxy clusters).
In summary, the red sequence gives a high-fidelity cluster member selection. It is important, however, to restrict this selection to the inner regions of clusters and to luminous galaxies (as shown in Figure 4) , because the red sequence may contain some lensing signal. The purity of the red sequence as selected here is very high (94%), so this contamination is not expected to be significant. Adding the red sequence members to the 15,524 spectroscopically confirmed members gives a total of N m + N rs = 22, 953 members with an estimated contamination of 0.06(N rs /N m ) ≈ 1.8%.
Photometric redshift contamination
By taking a fixed width in velocity, we can simulate the members found by an accurate, unbiased photometric redshift criterion. The dotted lines in Figure 4 show the fraction of galaxies that are within ∆z = 0.03(1 + z) (as expected for large ongoing z s for z l =0.15 Fig. 5 . Distribution of the distance ratio, D ls /D s , for red sequence members that are confirmed to be non-members of the clusters from spectroscopic redshifts. The grey filled histogram shows red sequence galaxies from all clusters; the blue and red (empty) histograms show the distributions for clusters at low and high redshift, respectively. For illustration, the top axis shows the source redshift for a cluster at z = 0.15.
photometric redshifts) but are not members of the cluster, 7 as determined in Sec. 3.1. The contamination is roughly independent of magnitude at all radii and at a level of < 5% within 1 Mpc of the BCG, rising steeply beyond this value. In terms of apparent magnitude the curves look similar in the range m r 23, the range in which most of the selected red sequence galaxies are found. This contamination rises shallowly with redshift, reaching ∼ 10 − 20% at z 0.3.
The radial dependence in Figure 4 is shown in physical units instead of in units of r 200 because this is more generally used with photometric surveys where the physical size of each cluster is not known, and Figure 4 gives an idea of the apertures that should be used to either search for clusters or characterize the cluster based on a red sequence sample.
Comparing the dotted and solid curves, it seems that there is not such a significant gain in using photo-z's versus the red sequence. A photo-z selection has the advantage that it selects a more representative population of the cluster, and that the red sequence depends on a single color (at least in this implementation) and it becomes less reliable when the 4000Å break is not bracketed by the filters used. This is the case in our study for z 0.36. It is also apparent, as with the red sequence, that a photo-z selection becomes significantly contaminated beyond r ∼ 1 Mpc.
Control Samples
We use two catalogs as control samples to assess spurious contributions to our measurements. These two samples are unaffected by the cluster (and are mostly unrelated between them), so their alignment signals (see Sec. 4) should be consistent with zero. A departure from zero would mean that there is significant residual PSF ellipticity in the images.
First, we use all stars in the magnitude range 17 < m r < 22, selected as outlined in Sec. 2.1, for a total of 443,321 stars. The bright limit is chosen to avoid using saturated stars and the faint limit to ensure that the star sample is not contaminated by faint, unresolved galaxies.
We also use all spectroscopically confirmed foreground galaxies, which are selected as all galaxies with peculiar velocities more negative than −10, 000 km s −1 in the rest-frame of the cluster. There are 3,666 spectroscopically confirmed foreground galaxies in the direction of 73 clusters. The clusters with the most foreground galaxies are two of the highest-redshift clusters of the sample, namely MS 0451.6−0305 at z = 0.539 and MACS J0717.5+3745 at z = 0.544, with N f g = 306 and N f g = 304, respectively.
Measuring Intrinsic Alignments
We measure the alignment signal of galaxies within clusters by weight-averaging the ellipticity components of all galaxies within a given radial annulus,
with weights equal to
where σ n is the measurement uncertainty on the ellipticity of the n-th galaxy. We assume an intrinsic (i.e., unlensed) galaxy ellipticity int = 0.25. The uncertainty in Eq. 3 is equal for both components and is given by σ( i ) = n w n −1/2 . In this work, we use the shapes of cluster members to measure three kinds of alignment: the alignment of (satellite) galaxies towards the center of the cluster, the alignment of galaxies with respect to the BCG orientation, and the alignment between satellite galaxies. These three quantities are detailed below.
Throughout, we refer to raw ellipticities as e i , and to ellipticities that account for instrumental effects (i.e., PSF size in the case of gaussianized images) as i .
Different alignment signals
In this section we outline the different rotations we apply to the ellipticity measurements of Sec. 4.2 in order to extract alignment signals within clusters.
Satellite radial alignment
We measure the alignment of galaxies with respect to the center of the cluster using ellipticity components rotated to a frame such that
where 1 and 2 are the galaxy ellipticities in the cartesian frame, with 1 measuring the ellipticity in the x and y directions, and 2 in diagonal directions. Here θ is the azimuthal angle with respect to the center of the cluster. In this frame, + measures the distortion in the tangential and radial directions while × measures the distortion at ±45
• from the radial direction (see, e.g., Figure 1 of Bernstein & Norberg 2002, for a diagram) . Note that the definition of + in Eq. 5 has the opposite sign to that typically used in weak lensing analyses. Since any alignment would be a gravitational effect the cross component, × , should be consistent with zero, so it serves as a check for systematic effects. On the other hand, + < 0 indicates that galaxies are preferentially aligned in the tangential direction, as is the case for gravitationally lensed background galaxies, while + > 0 would indicate a radial alignment of the galaxies, which could be the case for cluster members. Finally, + = 0 implies that galaxies are randomly oriented towards the center of the cluster.
Satellite-BCG alignment
To measure the alignment between satellite galaxies and the BCG, we rotate the shapes and coordinates of satellites to a frame where the direction of 1 > 0 coincides with the major axis of the BCG, namely
where φ BCG is the position angle of the BCG and ≡ (
is the ellipticity of the galaxy. In this new frame, the BCG has ellipticity components 1 = and 2 = 0. For the BCG position angles we use only GALFIT measurements (see Sec. 4.2.2), since these are expected to be more reliable for galaxies as large as BCGs. Analogous to the radial alignments, 1 > 0 implies that satellite galaxies are oriented along the major axis of the BCG, 1 < 0 that satellites are oriented along the BCG minor axis, and 1 = 0 implies random orientations; 2 measures diagonal alignments so we expect 2 = 0.
Satellite-satellite alignment
Finally, we compute the alignment between satellite galaxies within clusters by calculating Eqs. 5 taking every satellite galaxy as a test galaxy (i.e., as the frame for θ). BCGs are excluded from this analysis. This probes potential alignments of galaxies in substructures within the cluster. In principle, if there are N members in a cluster, the number of pairs is equal to N(N − 1)/2. However, we only use pairs for which a full circle can be averaged, to avoid averages that include mostly objects in the corners of the images where PSF residuals may be larger. This is a concern for massive, low redshift clusters, where 30 (half the side of the MegaCam image) is roughly equal to r 200 in the worst cases. To ensure that the average remains unbiased, therefore, we only include pairs such that the sum of the distance between the test galaxy and the center of the cluster and the separation between the two satellites is less than 90% of the distance between the cluster center and the edge of the image.
Shape Measurements
Measuring galaxy shapes is a challenging endeavor, especially in the presence of noise and PSF anisotropies (e.g., Massey et al. 2007; Melchior & Viola 2012; Kitching et al. 2013) . For large (in units of the PSF), bright objects such as those used here, this should be less of a problem. Moreover, after gaussianization the PSF ellipticity is negligible. In this work we measure the shapes of member galaxies using two different methods, which allows us to test for consistency and robustness of the results. Below we give a brief outline of each method to highlight their differences; more details can be found in the original works. Shapes are measured from the gaussianized images (Sec. 2.1). The PSF in these images is, by construction, circular, gaussian and constant across the image. Therefore the shape measurement methods need to account for the blurring of the ellip- ticity by the PSF, but there are no systematic ellipticities in the images (to a high enough precision, see Sec. 3.4).
Kaiser-Squires-Broadhurst (KSB)
KSB was developed for weak lensing measurements by Kaiser et al. (1995) and revised by Hoekstra et al. (1998 
These measurents are weighted with a circular Gaussian of width r g , which corresponds to the radius of maximum significance measured by KSB; this weight reduces shot noise in the measurements. Blurring by the PSF is corrected by the so-called preseeing shear polarizability, P γ , which quantifies the effect of the convolution of the PSF to the image polarization, e i (Luppino & Kaiser 1997; Hoekstra et al. 1998 ). The corrected ellipticity is then i = e i /P γ . Both e i and P γ are measured with the same radius, r g , for each galaxy.
GALFIT
GALFIT was developed by Peng et al. (2002) , having in mind the modeling of different components of galaxies for studies of galaxy structure and evolution. It attempts to model the light of a galaxy by fitting a multi-component generalized ellipse given by
where a true ellipse has c = 0, a boxy shape c > 0 and a disky shape c < 0; here q is the minor-to-major axes ratio. Additionally, the position angle, φ, is defined as the direction of the major axis. GALFIT accounts for the PSF model (in this case a single gaussian for each whole field) when measuring ellipticities. We use a simple Sérsic (1968) model for the surface brightness profile, ln I(r) ∝ r 1/n . Only galaxies with Sérsic index 0.5 < n < 8 and with axis ratio q > 0.15 are included in the sample. We convert q and φ to the same ellipticity measures of KSB through
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Systematic effects
Because weak lensing measurements rely on averages of a large number of small signals, it is more prone to systematic effects than photometry and requires more agressive masks. Therefore some spectroscopic members (all of which are in our photometric catalog) are not included in the shape catalogs. Moreover, the KSB and GALFIT catalogs are not the same since both have different requirements on, e.g., the size of an object and blending with nearby objects to estimate a reliable shape. Of the 15,524 spectroscopic members, 13,966 have a KSB shape measurement and 13,360 have a GALFIT measurement, with an overlap of 12,160 galaxies. Similarly, of 22,953 spectroscopic+RS members, 20,493 have KSB measurements and 18,511 have GAL-FIT measurements. The smaller number of objects with GALFIT measurements comes mainly from high-redshift galaxies (compare Tables 3 and 4 ). This is because small, faint galaxies are harder for GALFIT to fit, while KSB is well-suited to measure the shapes from faint background galaxies.
We only consider galaxies with shape measurements from either method in this work, except for the assessment of the red sequence in Sec. 3.2. Figure 6 compares the shape parameters for all spectroscopic members that have valid KSB and GALFIT estimates. While the measurements generally agree, there is a small but noticeable difference for large-ellipticity objects, such that KSB estimates lower ellipticities than GALFIT. We have checked that this effect is present with more or less the same magnitude for all clusters so this looks like a genuine difference between the two methods (for our particular dataset), and there is an indication that this effect may be more pronounced for smaller objects.. It is likely that this difference is due to higher-order corrections that are not implemented in KSB, which could become important at large ellipticities. As we show in Sec. 5 this has no impact on our results, so we do not explore this issue further.
As a further test, Figure 7 shows the alignment signals of the control samples. As expected, foreground galaxies have a signal consistent with zero in both ellipticity components at all radii, with large errorbars due to small statistics. The average ellipticities of stars are different from zero at significant levels in most of the radial range. However, the average ellipticity is constrained to i 2 × 10 −4 at all radii, an order of magnitude smaller than the statistical errors in the alignments of cluster members. Thus any systematic effects arising from PSF uncertainty or other instrumental biases are controlled to much lower values than the statistical uncertainties and can be neglected for the purposes of this work.
Finally, the gaussianization of the images makes the PSF round and homogeneous across an image but produces anisotropic (correlated) noise, which could introduce noise bias in our measurements. The level of anisotropy can be assessed by measuring star ellipticities as a function of magnitude: if noise is highly anisotropic then noisier measurements would show, on average, a larger anisotropy than high-S/N measurements. We test this by comparing the ellipticities of stars as a function of magnitude (for 18 ≤ m r ≤ 22), and find that the average ellipticities are consistent with the levels shown in Fig. 7 . Moreover, we use galaxies whose number density drops rapidly beyond m r ∼ 18, and are typically 8 times larger than the PSF. We conclude that anisotropic noise can be safely neglected in this study. 
Results
In this section we present and discuss the main results of this paper. We refer to Sec. 4 for details on the calculations that lead to the values reported here and a discussion of systematic effects. Figure 8 shows the average radial alignment for all spectroscopically confirmed cluster members with good ellipticity measurements from KSB and GALFIT in annuli with respect to the cluster center. Both methods show that the intrinsic alignment signal of cluster members is consistent with zero across all radii. Within r 200 , the alignment is constrained to an average of + = −0.0040 ± 0.0026 with KSB and + = −0.0006 ± 0.0029 with GALFIT at 68% confidence. The cross components are also consistent with zero. Including red sequence members roughly doubles the number of galaxies used and confirms the latter result, with + = −0.0009 ± 0.0018 and + = −0.0007 ± 0.0024 with KSB and GALFIT, respectively.
Satellite radial alignment
Our results are consistent with the non-detection of satellite radial alignments in massive clusters at z > 0.5 (Hung & Ebeling 2012) , based on ∼ 500 spectroscopic members in the inner ∼ 500 kpc of clusters, using imaging from the Hubble Space Telescope (HST), and also with measurements at smaller masses from photometrically-selected galaxy groups from SDSS (Hao et al. 2011 ) and spectroscopically-selected galaxy groups from the Galaxy And Mass Assembly (GAMA) survey (Schneider et al. 2013 ). Our results suggest that the stars in galaxies within clusters do not feel a strong enough tidal torque to be aligned towards the center of the cluster, in contrast with results from simulations which find strong alignments even when accounting for differences in the response between stars and dark matter A&A proofs: manuscript no. cccp_alignments Table 3 . Average ellipticity components of spectroscopic members. Number of galaxies used for the average, within r 200 .
(b) 68% confidence measurement uncertainties on the average ellipticities. Table 4 . Average ellipticity components of spectroscopic plus red sequence members. Notes. See notes to Table 3 . (Pereira & Bryan 2010, Velliscig et al. in prep) . An obvious consideration from the observational point of view is miscentering: whether the chosen cluster center is really the minimum of the cluster potential. This is hard to assess but, at least in very relaxed clusters, BCGs are typically very close to the peak of the gas distribution (e.g., Lin & Mohr 2004; Mahdavi et al. 2013) , which is closely matched to the dark matter distribution (Faltenbacher et al. 2007b) . We can therefore test, to some extent, whether miscentering could be diluting an alignment signal by isolating relaxed clusters as discussed in Sec. 3.1.1. However, as shown in the top panel of Figure 9 , we do not detect any alignment signal neither from relaxed nor from disturbed clusters. Thus we conclude that our results are robust to miscentering effects, and that statistically satellite galaxies do not align towards the centers of clusters. As discussed by Hao et al. (2011) , the redshift evolution of satellite radial alignments, if any, contains valuable information as to whether these alignments are produced during the formation of clusters or an evolving product of tidal torque within clusters. The middle panel of Figure 9 shows that the alignment signal is consistent with zero across redshift, suggesting that neither of these processes is sufficient to sustain radial alignments over cosmological time. Finally, the bottom panel of Figure 9 shows that this non-detection is also independent of cluster mass.
In any of the two scenarios mentioned above (namely tidal and primordial alignments), radial alignments could show a different pattern for galaxies with different histories. We investigate this by splitting the galaxy sample by galaxy luminosity (as a proxy for galaxy mass) and color-since bluer galaxies have been accreted more recently. To split by galaxy color we use each cluster's red sequence, which depends linearly on apparent magnitude, as outlined in Sec. 3.2. As seen in Figure 10 , we find no radial alignments consistently across galaxy colors and luminosities.
Satellite-BCG alignment
The second type of alignment we explore is the alignment of the satellite orientations with the BCG orientation (cf. Eq. 7). A large number of observations suggest that BCGs are on average oriented along the major axes of clusters themselves (e.g., Sastry 1968; Binggeli 1982; Faltenbacher et al. 2007a; NiedersteOstholt et al. 2010; Hao et al. 2011 ). It is possible, then, that the BCG orientation represents a preferred infall direction. If this is the case, it is then possible that galaxies would be aligned towards this infall direction. Figure 11 shows the alignment of galaxies with the major axis of the BCGs (cf. Eqs. of radius, for the full sample of spectroscopic plus red sequence members. As in the case of radial alignments, the data are also consistent with no satellite-BCG alignments at all distances. The average KSB signal within r 200 is 1 = −0.0016 ± 0.0020; the average GALFIT signal is 1 = −0.0018 ± 0.0027. We also split the sample as in the preceeding section, and find no signal for all galaxy and cluster subsamples. As a consistency check, we also find that the distribution of position angles, |φ − φ BCG |, is consistent with a random distribution. Finally, we averaged not in annular bins but in cartesian coordinates {x, y}, to check if the satellite-BCG alignment could be happening only along a preferential direction, such that the azimuthal average would dilute the signal. We also found a null signal in this case (not shown here).
Satellite-satellite alignment
We have shown in Sec. 5.1 that satellite galaxies are not aligned towards the centers of clusters. If galaxies reside within substructures themselves, then these substructure might have tidally aligned galaxies towards them. If the tidal torque of the cluster is not enough to overcome these substructure-scale alignments, then maybe we can observe an alignment signal at small separations, between satellite galaxies. After excluding data near the edges of the images (see Sec. 4.1.3), we use a total of 3.93 × 10 6 satellite pairs. Figure 12 shows the alignment signal between satellites averaged over all clusters, as a function of distance between satellites, for the full spectroscopic plus red sequence member sample. In this case we split the sample into two radial bins, namely (test) galaxies within and outside 0.25r 200 , which corresponds to the scale radius of a cluster with a concentration c 200 = 4 (roughly what is expected for massive clustersl; e.g., Duffy et al. 2008 ), but the results are similar when splitting the sample at other radii. The leftmost bins in Figure 12 show the signal from substructure: outer bins probe the radial alignment between galaxies at large distances. It might be expected that substructure in the outskirts of clusters would contain an alignment signal since, presumably, they have been accreted more recently. As in the preceeding sections, we do not observe any alignment signal for the in previous studies (Hirata & Seljak 2004; Bridle & King 2007; , matching to the SuperCOSMOS observations of Brown et al. (2002) . This normalization is also consistent with more recent observations (Heymans et al. 2004; Mandelbaum et al. 2006; Joachimi et al. 2011) . Solid lines in Figure 13 show the 3-dimensional and angular power spectra, P(k) and C , respectively, from the linear alignment model. The 3-dimensional power spectrum, P(k), is shown at a redshift z = 0.4. This model includes no contribution from alignments within halos (so-called 1-halo terms) and therefore the II and GI power spectra are rescaled versions of the matter power spectrum, P GG (k), as seen in the bottom-left panel of Figure 13 , and the GI and II terms are subdominant to the matter power spectrum at all scales. Figure 13 also shows, in the right panel, the expected angular power spectrum measurements of a reference cosmic shear survey with properties similar to KiDS with a redshift distribution as described above, with a sky coverage of 1,500 sq. deg. and a background source density of n gal = 10 arcmin −2 . We assume a coverage 30 ≤ ≤ 3000, and compute the expected C measurements and uncertainties following Cooray & Hu (2001) , in logarithmic bins in . The bottom panel of Figure 13 shows that the II contribution remains safely subdominant to statistical uncertainties expected for KiDS, but the GI contribution cannot be ignored, contaminating the GG power spectrum at the ∼ 10% level.
Halo model
The linear alignment model refers to alignments at large scales (and also to the alignments between central galaxies, because these are expected to be aligned with the host halo by the large scale gravitational potential). On smaller, non-linear scales, galaxy formation will tend to misalign baryonic and dark matter (e.g., Pereira & Bryan 2010; Tenneti et al. 2014) , so the largescale results from N-body simulations are probably not directly use of the non-linear power spectrum. We therefore refer to it as linear alignment model throughout. applicable to galaxy alignments within halos. Galaxy formation can also have a major impact on the power spectra Semboloni et al. 2011) , and the way these two effects interplay is unclear. We therefore require a prescription to predict the power spectra accounting for 1-halo term galaxy alignments. To this end, we employ the halo model of radial alignments introduced by .
The main assumption of the halo model is that galaxies form and reside in dark matter haloes whose masses directly influence the (observable) properties of the galaxies they host. Additionally, one can assume that satellite galaxies in a halo are radially aligned towards the center with a strength that can in principle be a function of the galaxy position in the halo, the host halo mass, and redshift. This is known as a satellite radial alignment model. The total alignment can be separated into a prescription for galaxies in halos (the 1-halo term), and one between halos (the 2-halo term). We assume that galaxies populate halos following the halo occupation distribution of Cacciato et al. (2013) and the halo mass and bias functions of Tinker et al. (2010) . More details about the ingredients of this halo model can be found in . Given a model for radial alignments, γ I (r, M, z), we calculate the power spectra through Eqs. 11.
Impact of alignments within halos on the power spectra
The halo model requires a prescription for the strength of smallscale radial alignments. In its simplest form this strength is constant with radius and halo mass. The power spectra derived from this model are shown as dashed lines in Figure 13 , for an alignment strengthγ = 0.21 (γ is the 3-dimensional alignment strength derived from a projected measurement, γ I ; see . This is the fiducial value adopted by . In this work, we extend this prescription by assuming a radial alignment that depends on halo mass but not on distance within the halo. Such a model is fully consistent with our results, since we find a null signal at all radii.
We construct a mass-dependent alignment model using the present results, plus the intrinsic alignment measurements in galaxy groups from the Galaxy and Mass Assembly (GAMA) survey (Schneider et al. 2013 ). We assume a power law for γ I (M), such that the mean ellipticity of satellite galaxies has the 2σ upper limits obtained in this study (namely + < 0.0027 at M 10 15 M ) and for GAMA groups by Schneider et al. (2013) , namely + < 0.019 at a typical mass M 10 13 M (the 2σ upper limit for groups with N gal ≥ 5). Specifically, we use γ
α , constant with redshift, with M 0 = 2.37 × 10 8 M and α = −0.424. 9 We note that the assumption of a single power law at all masses has no justification other than its simplicity. In a forthcoming study (Cacciato et al. in prep) , we plan to present a more detailed halo model for intrinsic alignment of galaxies. There, we shall explore the impact of halo model assumptions on the predictions of the II and GI power spectra.
Dotted lines in Figure 13 show the intrinsic alignment power spectra predicted by the halo model for our adopted γ I (M). Since we constructed the model using 2σ upper limits on the measured alignments, the regions between the solid and dotted lines should be regarded as conservative estimates of the current uncertainties on the GI and II power spectra due to 1-halo term intrinsic alignments. As can be seen, both the GI and II power spectra remain subdominant to the GG power spectra, which is not the case with 9 The conversion between ellipticity and shear is given by γ = + /2R, where R is the shear responsivity, which we assume to be equal to 0.87. the fiducialγ = 0.21 model used by . The bottom panel of Figure 13 shows that the GI and II power spectra are constrained to fractions |P GI (k)|/P GG (k) < 3% and P II (k)/P GG (k) < 10 −3 , respectively, down to the smallest scales (k 10 Mpc −1 , or r 100 kpc). These contributions are, to a good approximation, constant with redshift at these scales.
The GI angular power spectrum including our 1-halo term is 80% higher than that predicted by the linear alignment model at ∼ 3000, which translates into an excess on the total (GG+GI+II) power spectrum of ≈ 4%, comparable to the statistical uncertainties expected at these scales. Note that at larger scales the GI power spectrum is dominated by linear alignments and is well below the statistical uncertainties of KiDS. Therefore, we do not expect that we will need to distinguish between these two alignment models with KiDS. We conclude that the linear alignment model should be a sufficient treatment of intrinsic alignments for KiDS. The same conclusion for a tomographic survey (as in Heymans et al. 2013) , on the other hand, is not granted, since each effect has a different redshift dependence and these may be more easily revealed, and model differences enhanced (or not) by the redshift binning. An analysis of this situation is beyond the scope of this work.
Conclusions
We have compiled a large sample of galaxies with spectroscopic redshifts in the direction of 91 galaxy clusters in the redshift range 0.05 < z < 0.55, selected as part of MENeaCS and CCCP. We select cluster members using the shifting gapper technique which used phase space information, for a total 15,524 cluster members. We use these members to estimate dynamical masses using the simulation-based scaling relation between velocity dispersion and cluster mass of Evrard et al. (2008) . The sample has a median redshift z = 0.15 and a median mass M 200 = 1 × 10 15 M , in good agreement with the weak lensing masses estimated by Hoekstra et al. (2012) .
We quantify the alignment of galaxies within clusters using ∼14,000 cluster members for which we are able to measure their shapes either with KSB or GALFIT, after showing that the ellipticities measured by both methods are consistent (Fig. 6) . Both methods take different approaches to measuring galaxy shapes and therefore provide an important consistency check. We confirm that our analysis is free of significant systematic effects by measuring the average alignment of both foreground galaxies and stars. The signal from foreground galaxies is consistent with zero; the signal from stars is significantly different from zero, but at a level of + ∼ 10 −4 , an order of magnitude lower than measurement uncertainties (see Fig. 7) .
We measure three different alignments: the radial alignment of satellite galaxies towards the BCG, the alignment of the satellite with the BCG orientation, and the radial alignment of satellite galaxies toward each other. Each probes a different, but not necessarily independent, effect. We find no evidence for any of these alignments (see Figs. 8-12 ). In particular, we constrain the radial alignment of satellites toward BCGs to + = −0.0040 ± 0.0026 with KSB and + = −0.0006 ± 0.0029 with GALFIT, at 68% confidence, within r 200 . Similarly, there is no evidence of galaxy alignments when splitting the sample by cluster (redshift, mass, or dynamical state) or galaxy (color or luminosity) properties. Selecting additional cluster members through the red sequence allows us to extend the sample to ∼20,000 galaxies with an estimated contamination of < 2% from red sequence interlopers (see Fig. 4 ). All signals from this enlarged sample are also consistent with zero. C /C GG Fig. 13 . Effect of intrinsic alignment on the power spectra. The bottom panels show the fractional uncertainties relative to the lensing power spectra. Blue and red lines show the GI and II power spectra, respectively, from the linear alignment model with no small-scale intrinsic alignments (solid lines),γ = 0.21 as in (dashed lines), and the mass-dependent 2σ upper limit on the alignment signal derived in this work (dotted lines, see Sec. 6.3). The left panel shows matter power spectrum at z = 0.40, and the right panel shows the angular power spectrum. Grey boxes with black circles show the expected uncertainty levels on a KiDS-like survey covering 1,500 sq. deg. and with n gal = 10 arcmin −2 . The shaded region in the bottom panel shows the coverage and region above the 1σ uncertainties in the anglar power spectrum for a KiDS-like survey, where GI and II contributions would dominate over statistical uncertainties.
We include the constraint on the radial alignment of galaxies within high-mass halos, together with a measurement at the group scale (Schneider et al. 2013) , in a halo model framework, and derive the current uncertainty on the 3-dimensional and angular power spectra given by intrinsic alignments within halos (a 1-halo term). We find that the total (GG+GI+II) angular power spectrum predicted from our alignment model (see Sec. 6.3) is, at most, 4% higher than the total power spectrum predicted by the linear alignment model at the smallest scales probed by KiDS, ∼ 3000. This level of contamination is not likely to be detectable with KiDS (see Fig. 13 ). We suggest that the linear alignment model is a sufficient description of intrinsic alignments for KiDS.
